INTRODUCTION
Exposure and subsequent herpes simplex virus (HSV) infection of the neonate can occur: (1) via the transplacental route, (2) via delivery through an infected birth canal or secondary to ascending infection in infants delivered by cesarean section following rupture of membranes, and (3) via postnatal exposure to HSV. The majority of HSV infection is acquired perinatally. 1 Fetal instrumentation such as scalp electrode fetal monitoring at the time of delivery may result in laceration of the skin. 2 This invasive technique allows the virus to gain access through the lacerated skin. The association of trauma to the scalp inflicted by a vacuum apparatus and neonatal HSV infection has also been reported. 3 This prevalence study was undertaken to determine whether vacuum extraction technique is associated with an increased risk of HSV infection in infants born to asymptomatic mothers.
MATERIALS AND METHODS
From among all infants born at the Edith Wolfson Medical Center between January 1999 and June 2002, we identified all cases admitted to the hospital's intensive care unit for HSV infection.
All infants with suspected HSV infection underwent evaluation that included viral cultures of vesicular fluid, nose, eyes and cerebrospinal fluid. Genital tract cultures from the cervix for HSV were carried out in all mothers of infected infants. Viral cultures were performed by the virology laboratory at the Ichilov Medical Center (Tel Aviv, Israel). Polymerase chain reaction assay (PCR) used to detect HSV-DNA in the cerebrospinal fluid 4, 5 was carried out by the virology laboratory at the Sheba Medical Center (Tel Hashomer, Israel).
Patients were followed up after discharge at the Pediatric Infectious Diseases Outpatient Clinics.
Statistical Analysis w
2 -test was performed to compare categorical data, and the relative risk was calculated.
RESULTS
During. the study period, 6953 infants were delivered at our institution and 11 infants had HSV infection. The prevalence of neonatal HSV infection was 1.6 per 1000 live births. In 699 infants, vacuum extraction was used for delivery. Five out of the 11 infants with HSV infection were delivered by vacuum extraction. All of them developed cephalohematomas at the site of vacuum cup application and had many vesicles containing HSV of various sizes distributed diffusely around the apex of the cephalohematomas. They were born to mothers who were asymptomatic at delivery and did not have a history of HSV genital infection. Scalp electrode fetal monitor was not used in any of the cases. The clinical details of these five infants are summarized in Table 1 . The prevalence of neonatal HSV infection in vacuum-assisted births was 7 per 1000 live births as compared to 0.95 in 1000 in infants delivered vaginally or by the cesarean section ( p<0.0001). The relative risk of HSV infection in infants born in vacuum-assisted births was 7.45 (95% confidence interval (CI) 1.99 to 27.42, p ¼ 0.001).
The time of appearance of vesicles in infants who developed HSV infection ranged from minutes to 41 hours after birth. The mean time was 13.9 hours for infants born in vacuum-assisted births. HSV type 2 was isolated from the vesicular fluid around the apex of the cephalohematomas in all infected infants vaginally delivered by vacuum extraction, and none had central nervous system (CNS) involvement. All patients were treated with intravenous acyclovir. At follow-up, no recurrences of HSV infection have been noticed and psychomotor development at 1 year of age was normal.
DISCUSSION
Recent data suggest a shift in the presentation of neonatal HSV infection from disseminated disease (from 50 to 23% of neonatal HSV cases) to local disease (from 18 to 43%) during the decades of 1970 s and 1980 s. This shift may be caused by early detection attributable to improved education and disease recognition by medical staff. 6, 7 HSV infection at birth may result from in utero exposure or may present later in the neonatal period as a result of perinatal or postnatal exposure.
1 It was previously demonstrated that for HSV infection acquired around the time of birth, the risk of neonatal HSV depends upon: (1) the viral load to which the infant is exposed, regardless of whether the mother has genital lesions with active shedding of HSV or is shedding asymptomatically; (2) maternal HSV infection/immunity status; 1, 8, 9 and (3) laceration of neonate's skin at the time of delivery by using an invasive technique such as scalp electrode and/or vacuum extraction for assisted delivery.
Neonatal HSV infection can present any time from soon after birth up to and beyond the neonatal period. All 11 cases of neonatal HSV infection cases including five infants born by vacuum extraction had cutaneous infection. These five infants were all born to women who were not aware of their own HSV status and who were asymptomatic at delivery. The diagnosis HSV infection was established shortly after birth in three infants and at 25 and 41 hours in the remaining two infants. The appearance of the vesicular rash shortly after birth, at a time shorter than the presumed incubation period, may have been the result of several causes. First, diagnosis of in utero infection and vesicles may have been discovered early when the hematoma was closely examined after delivery. Second, the medical staff's training may have facilitated disease recognition. Finally, local infection may have been enhanced as the virus gained access through the lacerated scalp caused by the vacuum technique.
Neonatal HSV infection types 1 and 2 (HSV-1 and HSV-2) occur in 1/1400 to 1/30,000 births, 8, 10 with HSV-2 accounting for 70% of the infections. 11 In our population, neonatal HSV infection occurred in 1.6/1000 births and in seven in 1000 vacuum-assisted births. The higher incidence of neonatal HSV infection in our population is of particular interest and concern. Two plausible explanations may account for the above differences in incidence. First, since neonatal HSV infection is not a reportable disease in 
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HSV Infection and Vacuum Application many countries the true incidence is not known, and second, a high percentage of our population are mothers immigrated from the former Soviet Union in whom HSV infection rate is three-fold higher (27.5%) than the Israeli-born Jewish and Arab women (9%).
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All five infants born by vacuum extraction were born to mothers who were asymptomatic at delivery and did not have a history of HSV genital infection. It has been reported that about 70% of infants with neonatal HSV infection are born to mothers who were asymptomatic at delivery and did not have a history of HSV genital infection. Screening all mothers and infants at delivery for genital HSV estimates the risk of shedding HSV at delivery of 0.2 to 0.35%. 8, 13 The cause of increased prevalence of HSV infection in our population is unknown. Laceration of fetal scalp by vacuumassociated trauma caused by the extraction technique was associated with a 7.45-fold increased risk of cutaneous HSV infection. We speculate that delivery by vacuum extraction, which accounts for 10% of the deliveries in our institution, may enhance the acquisition and the early appearance of cutaneous infection in infants exposed to HSV shedding in the genital tract of asymptomatic mothers.
The prognosis of our infants was excellent, with normal development detected during follow-up at 18 months of age. This may reflect the benefit of early detection and the prompt administration of antiviral therapy.
This prevalence study has a number of limitations. We were unable to determine either a temporal relationship between the occurrence of HSV infection and the appearance of vesicles, or the cause-and-effect relationship between the appearance of vesicles and the vacuum-assisted delivery. The early detection of infected vesicles may represent contamination rather than infection. The infants with the hematoma at the site of vacuum-cup application may have been discovered early when the hematoma was closely examined and they may have received more intensive nursing care and medical observation. Hence, the early detection may reflect greater awareness and observation.
In conclusion, the medical community responsible for caring for neonates should be aware of the possibility of HSV cutaneous infection occurring at the site of vacuum-extractor application. Laceration of the fetal scalp by vacuum extraction technique may enhance the early appearance of cutaneous infection in infants exposed to HSV shedding in the genital tract of asymptomatic mothers.
